DOCUMENT RESUME

ED 142 392 SE 022 550

AUTHOR Shores, Jay H.; Underhill, Robert G.

TITLE An Analysis of the Effects of the Use of
- Manipulatives and Problem "Chunking" on First Grade

Children's Addition and Subtraction Problem '‘Solviag
Yodeling and Accuracy.

PUB DATE Apr 77

NOTE 19p.; Paper presented at the annual meeting of the
American Educational Research Association (New York,
New York, April 4-8, 1977); Not available in hard
copy due to marginal legibility of original

document
EDRS PRICE MF-%$0.83 Plus Postagé. HC Not Available from EDRS.
DESCRIPTORS Addition; Curriculum; *Educational Research;

Elementary Education; *Elementary School Mathematics;
Irstruction; *Manipulative Materials; *Mathematics
Education; *Number Concepts; Problem Solving;:
Subtraction

IDENTIFIERS Research Regports

ABSTRACT

To ascertain if children's use ¢f manipulatives
and/or the teacher's presentation of the problem in parts {chunking)
affect children's ability to model and/or solve addition and/or
subtraction problems, 146 first-grade subjects were administered the
Houston Addition and Subtraction Probiem-Solving Test which provided
accuracy and modeling scores for two addition and three subtraction
problem types. The test was presented in holistic (not chunked) and
parsimonious (chunked) forms. Results indicated that chunking
significantly affects children's ability to solve nontransformational
addition problems. The interaction of chunking and modeling '
significantly improved the subjects! ability to solve take-away
subtraction problems. (Author) :

e o o sk s ok ot ook sl o ok ol ok ok o ok ok ook o ol ok skl e ok o ok o o otk ok o o o ek ok o ok ok st okl ootk ok sk sl ok ko kiR ok
Documents acquired by ERIC include many informal unpublished *
materials nect available from other sources. ERIC makes every effort *
to obtain the best copy available. Nevertheless, items of marginal *
reproducibility are often encountered and this affects the quality *
of the microfiche and hardcopy reproductions ERIC makes available *
via the FRIC Document Reproduction Service (EDRS). EDRS is not *
responsible for the quality of the original document. Reproductions *
*

*

supplied by EDRS are the best that can be made from the original.
s o o s ok o ok ok ok e ek ook s st e ot ok sk e koo ook ok o o ok ot o ook o o o sl o o o o kol sl sk sl ok stk ok ok kol ok ke ok ok ok

3 3% 3 3 3 3 # #




T,

EDL4239<

O

ERIC

Aruitoxt provided by Eic:

US DEPARTMENT OF HEALTH SCOPE OF INTE
. REST NOTICE
EDUCATION & WELFARE -~
NATIOMAL INSTITUTE OF The ERIC Facility has assigned

£DUCATION s document for processing
0. o

THIS DOCUMENT HAS BEEN REPRO. A
DUCED EXACTLY AS RECEIVED FROM In our judgement, thes document
THE PERSDN OR ORGANIZATION ORIGIN- }$ 4's0 of interest to the clearing-
ATING IT POINTS OF vIEW OR OPINICNS houses noted to the right. Index-
STATED DO NOT NECESSARILY REPRE. 119 should eutlect thar special
SENTOFFICIAL NATIONAL INSTITUTE OF pomnts of view,

EDUCATION POSITION OR POLITY

An Analysis of the Effects of the Use of

Manipulatives and Problem "Chunking" cn

First Grade Children's Addition and Subtraction

Problem Solving Modeling and Accuracy

Jay H. Shores, Ph.D.
Assistant Professor of
Foundations of Zducation

University of Houston

Robert G. Underhill, Ed.D.
Professor of
Mathematics Education

i
University of Houston

4 Faper Presented to the Annual Convention of the American

Educational Research Association; New York, New York,

April, 1977.

w



4n Analysis of the Effects of the Use of Manipulatives and
Problem "Chunking" on First Grade Children's Addition and

Subtraction Problem Solving Modeling and Accuracy

Jay H. Shores
Robert G. Underhill

University of Houston

To ascertain if the children's use of manipulatives and/or

the teacher's presentation of the problem in pérts (chunking)
effect children's ability to model and/or solve additiﬁn and/or
subtraction problems, 146 first grade subjects were administered
the‘Houston Addition and Subtraction Problem Solving Test which
provided accuracy and modeling scores for two addition and
three subtraction problem types. The test was presented In
wholistic (not chunked) and parsimonious (chunked) forms. Re-
sults indicated that chunking significantly effects the child-
ren's ability to solve non-transformatioral addition problems.
The interaction «f chunking and modeling significantly improved

the subjects' ability tc sclve take-away subtraction problems.



Objective

An Analysis of the Effects of the 1.
Use of Manipulatives and Problem

"Chunking" on First Grade Children's

Addition and Subtraction Problem

Solving Modeling and Accuracy.

This study was conducted to ascertain if the children's
use of manipulatives and/or the teacher's presentation of the
problem in parts (chunking) effect children's ability to model

and/or solve addition and/or subtraction problems.

Theoretical Background

Children's mathematics problem solving abilities and
strategies have been critically‘examined by many scholors.
They have documented the effects of reading skills (Vander-
linde, 1964), problem structure (Burns and Yonally, 1964),
familiarity with problem operants (Steffe, 1967), and degree
of involvement of'the student (Chase, 1960) on the problem
solving abilities of students. Other researchers héve es-
tablished that students' problem solving abilities may be
enhanced when models, correction techniques, intermittent
praise, graduated difficulty problems, drawings, and Deer
problems are employed (Riedesel and Burns, 1373). TFew,
however, have delit with the effecté of the developmental
construct of conservation upon mathematical reasoning ability.

The variable of conservation of numerousness was in-
troduced to the mathematics education community from the
rranslated writings of Jean Piaget (1965) , the text by
Flavell (1963), and the research of Elkind (1961) , Dodwell

(1960) , and Wohlwill (1962). Research studies related to
4
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this variable began with those by Van Engen and Steffe (1966)
on first grade addition problem solving skills, LeBlanc
(1968) on subtraction problem solving skills, Steffe (1370)
on addition, and Steffe and Johnson (1971) on addition and
subtraction. In these studies, the childrens' abilities to
make quantitative comparisons (either gross, intensive, or
extensive) was “reated as an independent variable in studying
problem solving akilitioes

Previous researchers have reported significant differences
between the problem solving achievement of first graders
who conserve 2nd those who do not conserve. These researchers
also found significant differences in problem sovling achieve-
ment related to problem characteristics. In addition, it
was found that problems which involved a transformation® were
significant.y more difficult than those which did not involve
a transformation. In subtraction, the "take-away" subtraction
problems without transformations were found to be significantly
more difficult that "take-away" subtraction problems with

transformations.

‘While previous studies were carefully conducted and sub-
jected to rigorous statistical analysis, a major question

remains unanswered. Sirce these addition and subtraction

.

%2 transformation is defined as an implied physical movement

of objects associated with an addition problem describing join-
ing of sets, e.g., "Mary has three dolls and her mother gave
her two more." No transformation is a static condition, e.g.
"John has two frogs and David has three frogs."
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studies usew r:.dels in several aistinctive forms and pre-
sented the problems in either a whole problem or "part-at-a-
+ime" form, to what extent were the findings attributable to
the form of model used and the type of presentation employed?
This is a particularly cogent question when one analyzes
instruction in the first grade classroom where problems are
frequently verbally modeled and presented in a wholistic
fashion.

The use of manipulatives has been the subjeét of several
studies. Steffe (1968, 1970), Le Blanc (1968), and Steffe and
Johnson (1970, 1971) found a significant main effect in each
study in favor of subjects who nad manipulative treatments.

The subject's success has been attributed in part to the fact
that first grade children, aged 5 to 7 years, who are beginning
to conserve numerousness’are given perceptual cues by manipu-
lative operations which assist tham in maintaining the integrity
of the initial set(s).

In many skxill areas the use of whole as opposed to part
learning has been shown to be associated with skills acquisition
(Ynapp and Dixon, 19523 Lanellen, 1951; Purdy and Stallard,
1967; Shay, 193u; E. Young, 1965). In the instance of learn-
ing addition and subtraction the case for whole (not chunked)
learning is less clear, however, than in the reading and
physical educafion instances reviewed. For, the subject's
anility to accurately perceive the sets involved in addition
and subtraction may be facilitgted by their singular presen-

tation (chunking);

K | 6



Sampling

One hundred forty six (1l46) kindergarten children were
randomly &elected from one Area of the Houston Independent
School District of Houston, Texas. Becuase of its geographic
distribution, cutting across tre urban and suburban sections
of the city, it was felt that the Area contained a represent-
ative cross-section of ethnic and socio-economic groups.

There were 3,061 first grade children in the Area.

Instrumentation and Procedures

All subjects were administered the Houston Addition and
Subtraction Problem Solving Test (HASPST). The HASPST con-
sisted of 11 items: 6 subtraction (2 each of take-away, com-
parison and additive), 4 addition (2 each of transformation and
non-transformation), and one transition item. .Before each
individual administration, the order, addition then subtraction
or vice versa, was determined by the flip of a coin. The order
of the six subtraction questions and four addition questinns
was also determined randomly for each édministration. The
transition item was included because a pilot study revealed
that responses to the first item in a sequence at the point of
operation change was ofter characterized by a continuation of
the firstAoperation; this item always agreed in problem type |
with the last randomly ordei# problem in the ten evaluated

items; performance on the transition item was not used in the

analysis.
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5.
:

The test was presented in two forms (chunked, not chunked)
with three types of manipulative usage (required, optional,
none). In each adﬁinistration the subject and researcher
were seated across from one another at a table. In all but
the no manipulative treatment, in front of the subject was a
small basket of chips and two eight inch, cardbeard dolls.
To provide for maximal success of the subjects, the subjects

named the dolls, e.g., Michelle and Ramos,' and the chips,

e.z., hamburgers. All eleven questions then used the names and

-

acel provided by each subject. For the "chunked" treatment,
each question was presented one-sentence-at-a-time with a

pause for the subject to "act out" the sertence with the man.-
pulatives provided: subjects' use of manipulatives was re-
quired for the required treatment and prebing questions were

used to obtain responses not spontaneously provided or unclear

+o the researcher. Each subject received 0 or 1 poiﬁt for

the accuracy of each response (the criterion was a correct re-
sponse *1). Each subject received 0, 1, or 2 points for the
modeling behaviors exhibited relative to each problem according
to crijeria specified for each of the tive problem types (see
Underhill and Shores., 1975). It was necessary to account for

+he nesting of variables within each state (accuracy and modeling)
of the dependent variable of problem solving, for problem solving
occured in addition and subtraction cases with two and three
types of problems in each case. respectively. The data, thus,

-z2k the form presented in figure 1. With the nested design,



Insert Figure 1 About Here

it was possible to trace significant main effect findings to

the specific type of problem which contributed to the main

effect finding. Modeling scores were, or course, unavailable
"

for the "no modeling" treatment and the n was reduced for the

"optional modeling" treatment.

Analysis

Prior to testing the independent variables, it was necessary
to ascertain the interpretability ot the measures. A principle
component factor analysis of the Addition-Subtraction Problem
Solving Test (Underhill and Shores, 1975) revealed that sub-
jects responded consistently to combined addition problems and
the three distinct subtraction types when accuracy Scores were
used. However, when modeling scores were analyzed, the additive
subtraction items combined with one typé of addition.

Initial multiple linear regression analysis of the dependent
variébles using sex and age (in months) as criterion variables
confirmed that variance due to age must be statistically re-
moved from subseqguent analyses due to its relationship to
both chunking and modeling.

The nested analysis of covariance of the modeling scoreé was
conducted. No significant effects were noted. It must be
mentioned that limited data was available on the "optional

modeling" treatment.
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7.

"he nested analysis of covariance of the accuracy scores is
s;mmarized in figure 2 and table 1. As figure two indicates,
tctal accuracy scores approached significance on the chunking
variable (p=.10). This finding was traced to the addition
accuracy scores (p=05) and to the non-transformational scores
(pé;OS).> The transformational scores approached significance
(p=10). ~Tuset FLe2q Tasre ! Fbest Heoe

In a subsequen:. analysis, the subfraction accuracy scores
were found to be significant on the take-away problems cn the
basis of the interaction of the dependent variables (p=.05).
This significant finding was attributed to the superiority of
the required and chunked combination. A significant inter-
action was approached by the comparison subtraction scores
(p#.10) with highest scores obtained on the required and

chunked combination.

Significance of the Findings

The results of this study support the assumption that subjects
are aided by being given an opportunity to mentally rehearse
the sets presented to them as they solve addition problems.
They are not aicded by the use of manipulatives.contrary to-
+ne predominant findings of prior studies of the subject.
That addition is effected rather than subtraction is of
great import for the addition problems require the formation
of twb sets, their urion, and a subsequent counting of the

ficined sets. Subtration, on the other hanfd, requirec that,




Table 1
Summary of Analysis of Covariance of
Accuracy Scores for Use of Manipulatives

and Problem Chunking

Total Score Used as Basis

Source SS df MS F
Use of Manipulatives 9.76 2 4,88 .59
Chunking 27.40 1 27.40 3.32%
Interaction ; 8.38 2 4.19 .51
Error 1130.04 137 8.25

Total Subtraction Score Used as Basis .

Source Ss df MS F
Use of Manipulatives 3.40 2 1.70 .48
Chunking 3.94 1 3.9y 1.10
Interaction 7.6% 2 3.80 1.07
Error. 488.92 137 ‘ 3.57

Total Addition Score Used as Basis

Source ss df MS F
Use of Manipulatives 2.21 2 1.11 .52
Chunking 10.56 1 10.56 Yy,g7%%
Interaction .59 2 .35 .16
Error 290.99 137 2.12

Additive Subtraction Score Used as Basis

Source ss df MS F
Use of Manipulatives l.uy 2 .72 .97
Chunking .35 1 .35 .46
Interaction 3.19 2 1.56 .12
Error 101.72 137 YA

Comparison Subtraction Score Used as Basis

Source Ss df MS F
Use of Manipulatives 2.24 2 1.12 1.64
Chunking 2.06 1 ' 2.06 3.03%
Interaction : 3.88 2 1:94 2.8L%
Error 93.49 137 .68

Take-Away Subtraction Score Used as Basis

Source Ss df MS F
Use of Manipulatives 3.56 2 , 1.68 2,92
Chunking .00 1 .00 .00
Interaction 3.38 2 1.68 2.gunn
Error 78.71 137 .58

ERIC | 13




Table 1 (continued)

Transformation Addition Score Used as Basis

Scurce ss df MS
Use of Manipulatives .72 2 .36
Chunking 1.82 1 1.82
Interaction .72 2 .38
Error 72.53 137 .52

Non-Transformation Addition Score Used as Basis

Source S3 df MS
Use of Manipulatives ) 2 .22
Chunking 3,00 1 3.60
Interaction . .08 2 .0
Error 87.60 137 .64
p<.10
p=.05

.68
3.uy%
.68

.35
5,6k
.06
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8.
following the formation of the initial sets, a state of
equivalence be achieved (through 1:1 correspondence or some
other means) before the resultant set is formed and counted.
That chunking assists the former and not the latter may be
attributable to the fact that.the equivalizing operafion is
not explicit in the problem statement and, as such, was not

rehearsed during the chunking treatment.



BIBLIOGRAPHY

Burns, P.C. and J.L. Yonally Does the order of presentation
of numerical data in multi-steps arithmetic problems
effect their difficulty? School Science and Mathematics,
1964, 64, 267-270.

Chase, C.I. The position of certain variables in the predic-
tion of problem solving in arithmetic. Journal of Edu-
cational Research, 1960, 54, 9-14.

Dodwell, P.C. Children's Understanding of Number and Related

Concepts. Canadian Journal of Psychology, 1960, 14,
191-205.

Elkind, D. The Development of Quantitative Thinking: A sys-
tematic Replication of Piaget's Studies. The Journal
of Genetic Psychology, 1961, 98, 36-46.

Flavell, J.H. The Developmental Psychology c¢f Jean Piaget.
Princeton: D. Van Nostrand Co., 1963.

Harper, E.H. and Steffe, L.P. The Effects of Selected
Experiences on the Ability of Kindergarten and First
Grade Children to Conserve Numerousness. Technical Report
No. 38, Research and Development Center for Cognitive
Learning, OE5-10-154. Madison: University of Wisccnsin,
1968.

Howlett, K.D. A Study of the Relationship Between Piagetian
Class Inclusion Tasks and the Ability of First Grade
Children To Do Missing Addend Computation and Verbal
Problems. (State University of New York at Buffalo,
1973.) DAI 34A: 6259-6260; April 1974.

LeBlanc, J. The Performance of First Grade Children in Four
Levels of Conservation of Numerousness and Three IQ
Groups when Solving Arithmetic Subtraction Problems.

Piaget, Jean. The Child's Conception of Number. New York: W.W.
Norton and Company, Inc., 1965, p. 3

Riedesel, C.A. and Faul C. Burns "Research on Teaching Elementary
Elementary School Mathematics." 1In R.M.W. Travers, Ed.
Second Handbook of Research on Teaching, Chicago: Rand
McNally, 1973, Chapter 35, pp. 1149-1176.

1&




Steffe, L.P. The effects of two variables on the problem
solving abilities ¢f first grade children, Teaching
Report #21. Madison, Wisconsin: Wisconsin Research and
Development Center for Cognitive Learning, U. of W., 1967.

Steffe, Leslie P. and Johnson, David Differential Performances
- of First-Grade Children when Solving Aritimetic Addition
Problems. Journal for Research in Math. Ed. Vol. 1, No. 3;
144-162; May, 1970. _ T

Underhili, Robert G. Teaching Elementary School Mathematics.
Columbus, Ohio: Charles E. Merrill Publishking Compgany,
1972.

vanderLinde, Louis F. Does the Study of Quantitative Vocabularly
Improve Problem-Solving? El. Sch. J. 65: 143-152; Dec. 19¢4.

Van Engen, H., & Steffe, L.P. First Grade Children's Concept of
Addition of Natural Numbers. Technical Report No. 5,
Research and Development Center for Learning and Re-Education,
C-03, OE-5-10-154. Madison: University of Wisconsin, 1946.

Wohlwill, J.F. & Lowe, R.C. Experimental Analysis of the Develop-
ment of the Conservation of Number. Child Development, 1962,
33, 153-169.

1Yy



